More than one decade ago Flegr and Hrdý (1994) reported that individuals with serologically proven infection with Toxoplasma gondii (tg) differ with respect to several personality traits compared to uninfected controls. recently, there is growing evidence that parasites such as T. gondii indeed can modify human and animal behaviour (e.g. skallová et al. 2006behaviour (e.g. skallová et al. , Henriquez et al. 2009 for review, Webster and Mcconkey 2010). Toxoplasma gondii with its complex life cycle and networking with the host's organism interferes with several neurotransmitter systems, such as the serotonin and dopamine systems (Hinze-selch et al. 2007; for review, Vyas and sapolsky 2010). a very recent report even demonstrates that T. gondii by its own is able to synthesize dopamine (gaskell et al. 2009). there are numerous reports on Toxoplasma serology and psychiatric diagnoses such as schizophrenia and major depression (for review see torrey et al. 2007). in our large epidemiologic study we found that tg infection by serology is not more frequent in individuals with schizophrenia or major depression compared to a group of psychiatrically not affected healthy individuals controlled for age and region of provenience but the serological response is more intense in the patients than the controls (Hinze-selch et al. 2007). so, rather than just having more infected individuals among psychiatric patients as suggested by several other studies (for review see torrey et al. 2007) the host response towards the parasite might differ between patients and controls and might make a difference in this ubiquitous infection. this view is supported by the more recent data that the interaction between the host immune system, the parasitic activity and neurotransmitter systems might be responsible for the behavioural changes that can be seen even experimentally (e.g. skallová et al. 2006(e.g. skallová et al. , Henriquez et al. 2009).
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Briefly, TG infection in humans takes place when infectious microcysts, typically in affected undercooked or raw meat, are ingested, or through contamination with infected cat faeces (tenter et al. 2000) . since the infection is
The diagnosis of a personality disorder increases the likelihood for seropositivity to Toxoplasma gondii in psychiatric patients Dunja Hinze-Selch 1 , Walter Däubener 2 , Sükran Erdag 1 and Sibylle Wilms 1 ubiquitous, the probability of becoming infected increases with age, apart from any particular high risk behaviour, as described before. When tg infects an organism, it invades various cells (carruthers and Blackman 2005) and persists intracellularly, including in neurons and glia (Halonen et al. 1996 , Fischer et al. 1997 , luder et al. 1999 . the host organism is not able to eradicate the infection (tenter et al. 2000) . However, immunocompetent hosts control the chronic infection with a t lymphocyte-driven defence (Filisetti and Candolfi 2004) . All immunologic mechanisms involved have not yet been unravelled, but it is known that interferon-gamma (iFN-g) and the enzyme indoleamine 2,3 dioxygenase (iDo) play a role (Däubener and Hadding 1997 , Däubener et al. 2001 , Fujigaki et al. 2002 , 2003 , oberdorfer et al. 2003 . activated t helper cells secrete iFN-g, which induces iDo. this enzyme degrades the tryptophan that is needed for the tachyzoitic phase of tg. consequently, activated parasites die by tryptophan depletion (Däubener and Hadding 1997) . the tryptophan degradation products that accumulate via the kynurenine-pathway (Miller et al. 2004 ) may result in excess dopaminergic tone. thus, the host defence system might produce a lack of serotonin and an accumulation of dopaminergic activity. Moreover, as shown just recently, tg by its own might produce dopamine (gaskell et al. 2009 ). Psychiatrically, both neurotransmitter systems are not only involved in depressive and psychotic syndromes but also in behaviour such as motivation, addiction, aggression, anxiety (leyton et al. 2000 , Moreno et al. 2000 , Widner et al. 2002 , Booij et al. 2003 . therefore, this parasitic chronic infection, which shifts between silent and microactivated states (Hoff and carruthers 2002) in conjunction with the host defence system, presents an attractive theoretical schema also for the diagnosis and symptomatology of personality disorders.
Whereas personality traits have been investigated intensely in healthy and psychiatrically not affected individuals, the diagnoses of a personality disorder and the infection with tg have not yet been studied.
We hypothesize that 1) the host response to tg infection is different between psychiatric patients with and without personality disorders, 2) there are associations between the psychiatric main diagnoses and the additional diagnosis of a personality disorder and tg infection and 3) there are risk factors for a personality disorder in psychiatric patients. We therefore took advantage of our large epidemiologic study and also analysed our patients by the presence or absence of a personality disorder.
MATEriAlS AnD METHoDS
all patients who were admitted to inpatient units of our department between 2002 and 2005 and who were diagnosed clinically with schizophrenia, major depression, schizoaffective disorder or bipolar disorder were analysed for their serotitres to tg infection from blood drawn routinely at admission (including analysis of c-reactive protein [crP] and leukocyte count; leukocyte count data were not further analysed for the study). the patients were also rated by experienced psychiatrists (s.W. and s.E.) for the course of the disorder (n = 869) for schizophrenia, depression, schizoaffective and bipolar disorder by an arbitrary rating scale, with 0 for first episode, 1 for recurrent course, and 2 for chronic course. in addition, the patients were asked to complete a short questionnaire on risky eating habits (now or ever consuming raw or undercooked meat at least several times) and close and risky cat contacts (now or ever cat ownership, cat in the same household, playing closely with cats, cleaning cat litters). When a patient was discharged, the same experienced psychiatrists analysed the patient's records of the admission and all records, if any, of prior admissions. Diagnoses, including those of personality disorders, were assigned according to icD-10 (WHo 1993) using icD-10 checklists (Hiller et al. 1995) on the basis of the interpretation of the information in the patients' records by the experienced psychiatrists. Basically, any of the 896 patients with the diagnoses of schizophrenia, major depression, bipolar or affective disorder had the chance to meet the diagnosis of one of the subcategories of the diagnosis of a personality disorder. Patients with acute or chronic infectious or inflammatory processes otherwise specified and with any major medical problems involving the immune system were excluded. Nonpsychiatrically affected controls (n = 214) were recruited from the same geographic region as the patients who are admitted to our department, which provides regional sectorized psychiatric care. the controls had blood drawn for tg serology, and they completed the questionnaires on risk behaviour. they were screened for psychiatric disorders and major medical problems as well as for present or recent history of infection or inflammation. this study was approved by the local Ethics committee of the Faculty of Medicine at the christian-albrechts-University Kiel. all participants gave informed consent to take part in the study. the data with respect to the diagnoses of schizophrenia and major depression have already been published (Hinze-selch et al. 2007 ) and are not reanalysed within these groups in the present study. tg serology was done by a microbiologist (W.D.) using the internationally established and widely used toxo-spot iF (bioMerieux, lyon, France) according to the instruction of the supplier. conventionally, for the detection of acute tg infections, the titres are defined as follows: <1:16 negative, no infection; 1:16-1:256 positive immune reaction suggestive of chronic infection; >1:256 positive immune reaction suggestive of recent infection. However, we were interested in differentiating low and high titres in our subjects on the basis of microbiological and immunological expertise. thus, we collated the individual serotitres as follows: <1:16 no contact with TG; 1:16-1:64 TG contact, low titre response; and ≥1:128 TG contact, intense individual antibody reaction, high titre response.
For statistical analysis, we used logistic regression by first step and then cross-tables (sPss for Windows 11.0). in order to test whether certain additional variables had an impact on our results, we tested these variables by cross-tables with our variables of interest. If there were no significant results, we assumed that the additional variables did not have a significant effect on our results. The level of significance (two-tailed) was set at p≤0.05, statistical trends are reported at p≤0.1. No adjustment of the error probabilities for multiple testing was performed, because of the explorative nature of the study.
was increased in the patients. this association was not significant in the univariate cross table analysis (Table 3) .
When we analysed among all patients for the discriminating effect of the additional diagnosis of a personality disorder we found that the additional diagnosis of a personality disorder was significantly associated with increased likelihood of tg infection and younger age (table 4). cigarette smoking just failed the statistical trend.
Further analyses by chi-square statistics
We found that among the patients with personality disorder there were significantly more younger than 45 years, and this was comparable to the age distribution within the controls, but different from the patients without personality disorder (76% and 73% versus 57%, p<0.001). The cigarette smokers were significantly more frequent among the patients with personality disorder than those without and the controls (72% versus 57% versus 32%, p<0.001). The clinical course was significantly more often severe and chronic in those with personality disorder compared to those without (58% versus 35%, p<0.001). We then analysed for the intensity of the serological response to tg and seroresponse per se. We found that in the whole group there were no differences. However, when we split the groups by the age of 45 years we found that in the individuals older than 45 years there were at least trend effects: there were more consumers of raw meat among those with an additional personality disorder compared to those without and the controls ( logistic regression analysis in all patients and controls for the effect of tg infection; odds ratios indicate whether seropositivity for tg increases (odds ratio >1.0) or decreases (odds ratio <1.0) the probability for the variable as listed in the first column of the table. 
The whole dataset by regression analysis
When we analysed the whole dataset for the discrimination factor of tg seropositive versus seronegative we found that in the tg seropositive individuals there were significantly more individuals older than 45 years and significantly more individuals reporting the consumption of raw or undercooked meat whereas there were no significant effects for all of the remaining variables (Tables 1 and 2). When we analysed for the discrimination factor of patients versus the controls there were no significant effects for all variables but one: cat contact that rESulTS .8 with 7.2%, F60.9 with 4.5%). For statistical reasons, the larger the numbers per cell the more difficult becomes the matching for one variable between the cells. therefore, it is not possible to age-match all the groups in our study. However, in order to deal with microbiologically relevant age effects with respect to tg serology in the between-group analyses we split all statistical analysis at the age of 45 years because this is a turning point in tg serofrequency in our control group (Fig. 1) . in the individuals 45 years or younger serofrequency of tg infection ranges between 20 and 40% without any systematic age effect whereas in the individuals older than 45 years serofrequency systematically increases with age from about 40 to almost 100%. later on, the cross-table results are reported separately for these two age groups. With the analysis by logistic regression, we used age as continuous variable when appropriate. chi-square test on eating habits by both patients' and the control groups: p = 0.09 with statistical trend interrelationships between consumption of raw meat and the additional diagnosis of a personality disorder. chi-square test on serointensity by both patients' and the control groups: p = 0.1 with statistical trend interrelationships between medium titre response and the additional diagnosis of a personality disorder. PD = personality disorder. table statistics from table 1 in all patients and controls (n = 1110) for the discriminating factor of tg seropositive vs. seronegative by the variables as mentioned in the table; * p<0.05, *** p<0.001. The columns "TG-seropositive" and TG-seronegative" present the percentages from cross-table analyses and refer to the asterisk in the column "variables"; column "All patients and controls" presents the distribution of the variables in all patients and controls for general information. logistic regression analysis in all patients and controls for the effect of a patient status; odds ratios indicate whether the patient status increases (odds ratio >1.0) or decreases (odds ratio <1.0) the probability for the variable as listed in the first column of the table. logistic regression analysis in all patients for the effect of the additional diagnosis of a personality disorder; odds ratios indicate whether the additional diagnosis of a personality disorder increases (odds ratio >1.0) or decreases (odds ratio <1.0) the probability for the variable as listed in the first column of the table.
Basic characterisation of the patient and controls groups
an additional personality disorder were more likely for medium titre responses (table 5) . Whereas with the more specific TG parameters there were trend effects with the older patients only, effects on gender, smoking habit and clinical course were more distinct within the younger patients: among the patients with a personality disorder there were significantly more females (67% versus 51% versus 51%, p = 0.05), more smokers (79% versus 66% versus 33%, p = 0.02) and more often a severe and chronic course (57% versus 32%, p<0.001). We then analysed separately the patients with and those without an additional personality disorder for interactions of the parameters. in the patients with an additional personality disorder we found that medium titres were associated with high crP levels as well as chronic course whereas high titres were associated with a more acute recurrent course (table 6). this was different in the patients without a personality disorder; there was no such association (data not shown). among the patients with an additional personality disorder there were more females among the seronegative individuals (73% versus 53% and 53% among medium and high titres, p = 0.05) and more medium titre patients older than 45 years (41% versus 12% and 20% in the seronegatives and high titre patients, p = 0.001) but this latter association was also seen in the patients without an additional personality disorder. Finally, among the patients without a personality disorder the seropositive individuals were more likely for the consumption of raw meat (66% and 61% versus 50% in the seronegatives, p = 0.002).
DiSCuSSion
taking advantage from our large epidemiologic study in almost 900 psychiatric patients and more than 200 controls we found that the additional diagnosis of a personality disorder makes a difference for the host's response to Toxoplasma gondii (tg) infection. the additional diagnosis of a personality disorder is associated with increased likelihood for tg infection. Moreover, only in the patients with an additional personality disorder high titres were associated with a more acute and recurrent course whereas medium titres went along with a chronic course and increased crP levels. among all psychiatric patients the additional diagnosis of a personality disorder is associated with an increased likelihood of tg infection.
High titre response and an acute and relapsing course are suggestive of acutely active or reactivated tg infection. Pathophysiologically, the interactions of tg with critical neurotransmitter systems per se and mediated by the immune system might play a role as described in more detail in the introduction section. Basically, on the one hand, tg can interact with the kynurenine pathway via iDo leading to a dysbalance of metabolites for the dopamine and serotonin system (Däubener et al. 2001 , Miller et al. 2004 ) and on the other hand, tg by itself can synthesize dopamine (gaskell et al. 2009 ). imbalanced serotonin and dopamine systems might mediate key symptoms of personality disorders, in particular affective and motivational symptoms (New et al. 2008) . Personality disorders basically are characterized by imbalance, emotionally, cognitively, socially and behaviourally. recently, there are various publications on certain neuropsychological constructs, such as self-regulation, impulse control and social desirability, on their biological basis and their role in specific personality disorders (DeYoung et al. 2006 , Bell and Deater-Deckard 2007 , strüber et al. 2008 , Perlman et al. 2009 , cervenka et al. 2010 . the complex dopamine system plays a role as well as the serotonin system. From a different perspective, Flegr and his group have gathered similar results. They first found that there were significant peculiarities in the personalities of individuals infected with tg (Flegr and Hrdý 1994) . in the meantime there is a profound body of literature supporting that the chronic infection with tg, clinically estimated as asymptomatic, differentially modulates human behaviour (Flegr et al. 2000 , skallová et al. 2005 , lindová et al. 2006 , Kolbekova et al. 2007 , Henriquez et al. 2009 ). in addition, there are supporting experimental data in mice (e.g. skallová et al. 2006 skallová et al. , Kannan et al. 2010 . thus, it is likely that chronic tg infection is indeed not clinically asymptomatic. this is supported by our data because we found different associations between tg serology and the additional diagnosis of a personality disorder and no personality disorder. Moreover, in our epidemiologic study on schizophrenia and major depression we found similar associations in the group of schizophrenic patients (Hinze-selch et al. 2007 ). First episode was significantly associated with high titres and high titres with high crP levels; high titre responses might point to a more acute tg activity and host response to it than do low titre responses. individuals with more intense immune response might labilise their neurotransmitter systems and themselves whereas those individuals with less intense immune responses might be more prone to fixate their symptoms in chronic courses (Hinze-Selch et al. 2007 ). so, we indeed believe that there are interactions between the host's response to tg and psychiatric symptoms.
However, our data are superficial only with respect to unravelling the underlying mechanisms (Fekadu et al. 2010) . there are various genotypes in the dopamine and serotonin system, and there are differences between these genotypes and the behavioural outcome in response to stimuli such as TG infection (e.g. DeYoung et al. 2006 , Kannan et al. 2010 . Moreover, the immune response to TG also differs between individuals and this might influence the behavioural response, as well (e.g. Hinze-selch et al. 2007 , Henriquez et al. 2009 ).
Our study demonstrated clear statistically significant association between the diagnosis of a personality disorder and tg infection. However, we can not answer whether it is tg infection triggering personality disorder or it is personality disorder facilitating tg infection. there are arguments for both options. the data demonstrating that tg infection can modulate behaviour (e.g. skallová et al. 2005 ) support the first mentioned hypothesis. Even if our data do not show any significant effect of our variables "cat contact" and "consumption of raw meat" with respect to the additional diagnosis of a personality disorder, the complexity of personality disorders and the distinct alterations in behaviour in these patients might also trigger tg infection. the preponderance of females among the patients with an additional personality disorder in our patients points to a specialty of our patients and another possible shortcoming that needs to be mentioned. offering special inpatient treatment for females with a borderline personality disorder, our group of patients with a personality disorder might not be representative for any personality disorders as a whole. This is reflected also in the preponderance of borderline personality disorder with 23% and combined personality disorder with 40% in our patients. as behavioural effects of tg infection might differ by gender (e.g. lindová et al. 2006 lindová et al. , 2010 lindová et al. , James 2010 ) the preponderance of females in our patients needs to be kept in mind when discussing the data even if we did not find gender effects between the diagnostic groups in our data. Furthermore, as mentioned in the beginning, we were not able to further characterize the patients with additional personality disorder for their particular personality traits. For clinical practice reasons in doing this study using clinical routines we had to use icD-10 and were not able to recur on DsMiV (aPa 1994) . therefore, we cannot use the clustering of personality diagnoses that probably might further differentiate our data. However, even then personality disorder is more complex and needs more detailed research. so, our study must remain with the categories of presence or absence of an additional personality disorder in conjunction with the diagnoses of schizophrenia, schizoaffective, bipolar or depressive disorder.
However, even in the light of these specialties and shortcomings we feel that our data are of interest and support the majority of studies reporting associations between personality traits, personality and tg infection and serological host response. Further research is needed. our study encourages to extent the research on personality traits and tg infection to individuals with a personality disorder.
